Combining ability and heterosis analysis were performed in ten lines, five testers and their fifty hybrid combinations of maize using line x tester analysis. Combining ability analysis among the sixteen traits revealed significant line x tester interaction for most of the traits studied. Variance due to sca was found to be more than gca for all the traits studied which indicated the preponderance of non-additive gene action. Among the parents, the lines viz., N67, N10-65-3, N10-153-1-2 and the tester UMI 1210 exhibited higher per se along with positive gca effects and found to be good general combiners among the parents. Standard heterosis was calculated by comparing TNAU maize hybrid CO 6 as the standard check. Considering the per se, sca and standard heterosis, single cross hybrid N10-65-3 x E.No.8 was identified as the best hybrid for grain yield and other major yield contributing traits followed by the hybrid N44 x UMI 1221.
Introduction
Maize (Zea mays L.,2n = 2x = 20) commonly known as the "queen of cereals" belongs to the grass family Gramineae and tribe Maydeae. It is the second most important cereal crop in the world's economy and also ranks first in both productivity and production among the cereals. The crop shows broad morphological variability and geographical adaptability which is attributed to its cross-pollinating nature. Maize kernel contains about 60-70 per cent starch and about 9 per cent protein. Oil content in maize is about 4.5 per cent and is rich in polyunsaturated fatty acids like oleic and linoleic acids. Hence, the crop is in much demand for food, feed and silage purposes. The productivity barriers in maize can be overcome by developing single cross hybrids having high yielding ability and heterotic potential (Dhillon and Khehra.,1989) .Combining ability analysis is an important tool among the breeders for selecting parents with good general combining ability, which helps further in developing promising hybrids with better specific combining ability. It also aids in understanding the nature of gene action of a particular character. This information is useful for the breeder in selecting diverse parents inorder to generate cross combinations possessing high heterotic potential. Line x tester analysis developed by Kempthorne (1957) is an efficient method for the study of combining ability and also the gene action involved. It's an appropriate method to identify superior parents based on general combining ability and hybrids based on specific combining ability. Estimation of heterosis helps to identify hybrids having high yielding ability along with high heterotic potential by comparing them with the available standard checks. The heterosis per cent will be more for the hybrids generated by crossing the inbred lines belonging to the distinct heterotic groups (Hosana et al., 2015) . With this perspective, the present study was undertaken to assess the combining ability and heterotic potential of ten lines, five testers and their fifty hybrid combinations in maize. block design and replicated thrice. The recommended fertilizer dose of 150: 75: 75 kg NPK/ha was applied. Nitrogenous fertilizer was given in three split doses. The row-to-row and plant-to-plant distance was 60 and 25 cm respectively. The recommended agronomic and plant protection practices were followed to maintain healthy stand of cross combinations and parental lines.
Observations were recorded on thirteen yield attributing traits viz., days to 50% tasseling (days), days to 50% silking (days), anthesis silking interval (ASI) (days), plant height(cm), cob placement height(cm), cob length(cm), cob breadth(cm), number of kernel rows per cob, number of kernels per row, cob weight (g), hundred seed weight (g), shelling percent (%), grain yield per plant (g) and three quality traits viz., crude protein (%) , crude fibre (%) and carotene content (mg/100g).While recording the biometrical observations, the days to 50 per cent tasseling and days to 50 per cent silking were taken on plot basis whereas, other observations were recorded on five randomly tagged plants in each replication for each genotype and the data recorded on these plants were used to arrive at the replication mean which was then subjected to line x tester analysis for analyzing the heterosis and combining ability. Estimates of combining ability were computed according to kempthrone (1957) . Heterosis was estimated in terms of three parameters, i.e. relative heterosis, heterobeltiosis and standard heterosis. Mean values per replication for all traits studied were subjected to analysis of variance according to Panse and Sukhatme (1964) for randomized block design.
Results and Discussion
The analysis of variance for combining ability revealed that both lines and testers along with their interaction showed significant differences for all the sixteen characters studied (Table 1) .Among the crosses all the traits except cob length showed significant differences which revealed the diverse nature of the hybrids studied. Variance due to specific combining ability was found higher than that of the general combining ability for all the characters studied including both yield and quality traits which indicated the preponderance of non additive gene effects rather than additive gene effects in controlling the expression of these traits. Similar results revealing the preponderance of non additive gene effects were earlier reported by Kanagarasu et al.(2010) , Lal et al.(2011) , Rajitha et al.(2014) and Varaprasad and Shivani (2015) .
The gca effects of parents is presented in Table  2 .High general combining ability for a parent indicates its potential to combine well with each other besides revealing the presence of additive gene effects for that trait (Sprague and Tatum,1942) .Among the parents, the lines, viz.,N09-160-5, N67, N53 and N44exhibited positive and significant gca effects for grain yield whereas, none of the testers showed positive significant gca effects for grain yield. The line, N10-153-1-2 showed positive and significant gca effects for days to fifty per cent silking. Whereas, the lines viz.,N67, N53, N10-105 and the tester, E.No.8 exhibited significant positive gca effects for both days to fifty per cent tasseling and days to fifty per cent silking. The lines N10-153-1-2 and N53 and the testers E.No.4 and UMI 1221 showed significant positive gca effects for anthesis silking interval. While breeding for early maturing genotypes the lines with negative significant gca effects for days to fifty per cent tasseling and days to fifty per cent silking viz., N10-86-5 and N10-65-3 could be exploited. The lines N44, N67, N162-1 and the tester UMI 1210 with significant negative gca effects for anthesis silking interval could be utilized for generating drought tolerant hybrids.
Significant positive gca effects for plant height and cob placement height was exhibited by the lines viz., N44, N53, N09-160-5 and N10-153-1-2 and the testers viz., UMI 1210 and UMI 1221.The line N162-1 and the tester UMI 1210registered significant positive gca effect for both cob length and cob breadth. The lines viz.,N67, N53, N09-160-5 and tester E.No.4exhibited significant positive gca for number of kernel rows per cob. Whereas, for number of kernels per rowonly the lines viz., E.No.15 , N162-1 exhibited significant positive gca effects. Lines N44, N67, N53 and N09-160-5 showed significant positive gca for cob weight. Significant positive gca effects for hundred seed weight was exerted by the lines viz.,N53, N09-160-5 and N10-86-5 and the tester UMI 1210.Among the parents, the lines viz., N44, E.No.15, N09-160-5,N10-65-3 and N10-153-1-2 and the testers viz., E.No.4 and E.No.8 were observed to be good combiners for shelling per cent.
For the quality traits, the lines E.No.15, N53 and N10-105 with significant positive gca effect for crude protein per cent were observed to be the best combiners for crude protein content. Whereas, for crude fibre content, the lines E.No.15 and N10-105 and for carotene content, the line N10-65-3 were observed to be good combiners. Among the testers, the tester UMI 1210 was found to be the best combiner for all the three quality traits. Among the parents, the lines viz., N44, N53, E.No.15, N67 and the tester UMI DOI: 10.5958/0975-928X.2018.00186.2 1210 which showed significant positive gca for most of the traits were found to be the best general combiners. Hence, these parents can be further exploited in breeding programmes for developing superior single cross hybrids.
The standard heterosis of all the fifty hybrids is presented in Table 3 . For the trait anthesis silking interval (ASI), most of the hybrids showed significant negative standard heterosis. Whereas, for cob length, two hybrids viz., E.No.15 x UMI 1210, N44 x UMI 1221 showed significant positive standard heterosis. For number of kernel rows per cob, eleven hybrids showed significant positive standard heterosis, A total of eight hybrids exhibited significant positive standard heterosis for number of kernels per row. Similarly, five hybrids showed significant positive standard heterosis for cob weight and thirty eight hybrids exhibited significant positive standard heterosis for hundred seed weight. Of the six hybrids which registered significant positive standard heterosis for grain yield, the hybrid N10-65-3 x E.No.8 has recorded the highest positive significant standard heterosis.
Most of the crosses which showed significant sca effects also showed desirable standard heterosis. Among the hybrids, N10-65-3 x E.No.8 was found to be the best hybrid with desirable per se performance, sca and heterosis for grain yield per plant along with major yield contributing traits viz., cob weight and hundred seed weight. In addition to this, the hybrids viz., N44 x UMI 1210 and N10-153-1-2 x E.No.4 were found to be best hybrids for grain yield.
The hybrids viz.,N162-1 x E.No.4 and N10-65-3 x UMI 1221with significant negative sca and standard heterosis coupled with low per se performance were found to be suitable for earliness. However, selecting the hybrid sviz.,N67 x E.No.8 and N10-105 x E.No.4 will be rewarding for developing single cross hybrids with medium to late maturity. The hybrids viz., E.No.15 x E.No.8, N10-65-3 x E.No.35, N10-86-5 x UMI 1210, N10-105 x E.No.4, N10-105 x E.No.8 with low mean, negative sca and standard heterosis for anthesis and silking interval were found to be superior for drought tolerance and could be exploited for drought prone and rainfed areas (Saidaiah et al., 2008) .
For the trait cob length, the hybrid E.No.15 x UMI 1210 was observed as the best. Whereas, for cob breadth, the crosses N53 x E.No.35 and N10-153-1-2 x E.No.4 were found to be more desirable based on their per se, sca and standard heterosis.
Significant positive standard heterosis for cob breadth was earlier observed by Kumar et al. (2013) . The hybrid N09-160-5 x E.No.8 was found superior for number of kernel rows per cob, where in the trait showed non additive gene action which were similar to the findings of (Wali et al., 2010) ; Lal et al.(2011) and Purushottam et al. (2017) . Hybrid E.No.15 x E.No.4 with significant positive standard heterosis for number of kernels per row (Kumar et al., 2015) was selected promising for the respective trait. As far as the quality traits were concerned, the hybrid N162-1 x E.No.35 was preferred for quality traits viz., crude protein and crude fibre content.
The results obtained from the present study were encouraging and it indicated the tremendous scope for increasing the yield and quality components. Assessing the hybrids based on per se, sca effects along with the standard heterosis, gave a complete picture about the hybrid performance. Besides all these parameters for effective selection, the hybrids should have both the parents as good combiners or at least one parent as a good combiner, as insisted by Premlatha and Kalamani (2010) and Lal et al. (2011) . It is evident from the present study that, the hybrid N10-65-3 x E.No.8 which came out to be the superior and desirable hybrid for most of the traits had both the parents possessing significant positive gca indicating that both were good combiners, similar findings were earlier reported by Kanagarasu et al. (2010) and Dar et al. (2017) .
For earliness, the hybrid N162-1 x E.No.4 was found out to be the desirable one which was the combination of two moderate combiners. For quality traits like crude protein and crude fibre, low x low and high x low combination of gca effects were promising for the desirable performance. Whereas, for carotene content high x high gca effects showed desirable performance. Hence, it was concluded that most of the superior cross combinations were the result of crosses between high x high, low x high, medium x medium general combiners and it is understood that in order to get a better hybrid combination, involvement of any one good combiner is essential (Dar et al.,2017) . The interaction between the positive alleles from the good combiners and negative alleles from the poor combiners might be the reason behind the high sca performance for the crosses with high and low combiners imparting the predominance of additive x dominance type of interaction. This result is in collaboration with the earlier findings of Kumar and Bharathi (2009), Rajitha et al.(2014) and Dar et al. (2017) . DOI: 10.5958/0975-928X.2018.00186.2 Based on the results of the study, the best hybrids and parents emerged were presented in table.4. It was concluded from the study that non additive gene action was prevalent for most of the yield traits studied indicating their exploitation through heterosis breeding. Among the parents,N53, N67,N10-65-3,N10-153-1-2used as lines and UMI 1210,UMI 1221 and E.No.4 used as testers were selected as good combiners based on their per se and gca effects. Hence, these parents could be utilized in heterosis breeding programme to develop single cross maize hybrids. Among the fifty hybrids N10-65-3 x E.No.8 was identified as the best hybrid for grain yield and other major yield contributing traits. Whereas, N162-1 x E.No.35 emerged to be the best hybrid in terms of quality. However, these hybrids are to be further evaluated over different locations and years to confirm their stable performance over various agro-climatic regions.
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